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© A solderless terminal inspecting method and ap- 
paratus for determining if a solderless terminal has 
been satisfactorily crimped against an electric con- 
ductor has a main illuminating device for illuminating 
a solderless terminal having illuminating elements 
extending in substantially the same direction as a 
length of a solderless terminal. The inspecting ap- 
paratus also includes an auxiliary illuminating device 
for illuminating a solderless terminal in a direction 
opposite to the illuminating direction of the main 
illuminating. The apparatus also includes an illumi- 
nated image receiving device for receiving the illumi- 
nated image of the solderless terminal. The image of 
the solderless terminal received by the image re- 
ceiving device is binary-coded by using at least one 
binary level determined according to an area histo- 
gram which has been obtained in advance. 
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BACKGROUND OF THE INVENTION 

Field of Invention 

The present invention relates to a method and 
apparatus for inspecting a solderless terminal 
which has been crimped against one end portion of 
an electric conductor. More specifically, the inven- 
tion relates to a method and apparatus for illu- 
minating and image processing to inspect a solder- 
less terminal to determine whether or not the sol- 
derless terminal has been satisfactorily crimped 
against an electric conductor. 

Description of the Related Art 



Figure 21 shows a solderless terminal 2 com- 
prising a cylindrical shaped resin barrel 2a holding 
a resin cover 1 a near one end portion of an electric 
conductor 1 which has the resin cover 1 a removed, 
a core wire barrel 2b which also has a cylindrical 
shape to hold the one end portion of the electric 
conductor 1 having the resin cover 1a removed, a 
plurality of core wires 1b comprising the electric 
conductor 1, and an end portion 2c which is en- 
gaged with a mating solderless terminal so as to 
be electrically connected to the solderless terminal. 
As shown in Figure 21. bell mouths 10 are formed 
at both ends of the core wire barrel 2b to release 
stress produced by crimping the solderless termi- 
nal 2 against the electric conductor 1. Heretofore, 
an inspecting apparatus as shown in Figure 22 has 
been used in inspecting the solderless terminal 2 
by image processing. 

To inspect how a solderless terminal and elec- 
tric conductor are crimped, the solderless terminal 
must first be illuminated as described later. The 
image of a solderless terminal 2 produced by illu- 
mination is picked up by image pick-up means 3 
such as a television camera or a two-dimensional 
CCD camera, and displayed on a monitoring televi- 
sion set or monitor. The image is processed by 
image processing means 5, so that the resulting 
luminance data of the picture elements of the im- 
age are utilized to determine the presence or ab- 
sence of the resin cover 1a and the core wires 1b 
between the resin barrel 2a and the core wire 
barrel 2b. The resulting luminance data is also 
used to determine the exposure of the core wires 
1 b located between the core wire barrel 2b and the 
end portion 2c to judge whether or not the solder- 
less terminal 2 has been satisfactorily crimped 
against an electric conductor. The results of these 
determinations are printed out by a printer 6, or 
displayed on a display unit 7. Further in Figure 22, 
reference numeral 8 designates an operation key- 
board, with which program data or the like are 
inputted for an image processing operation. 



In the above-described method of inspecting a 
crimped solderless terminal, illumination of the sol- 
derless terminal plays an important role. A variety 
of methods for illuminating a solderless terminal 

s are known. For instance, Japanese Patent Applica- 
tion (OPI) No. 60249 (the term "OPI" as used 
herein means an "unexamined published applica- 
tion") discloses an illuminating method in which 
contrast is obtained by using a resin cover formed 

10 of a certain complementary color. More specifi- 
cally, a spot-like convergent light beam formed by 
an optical fiber is applied to the solderless terminal, 
and the light reflected therefrom is received by 
image pick-up means through a filter formed of a 

is color which is the complementary color of the resin 
color. 

Japanese Patent Application (OPI) No. 175942 
discloses a method in which contrast between a 
resin portion and a metal portion is obtained by 

20 using polarized light. Furthermore, Japanese Patent 
Application (OPI) No. 198473 discloses a method in 
which contrast between a resin portion and a metal 
portion is obtained by using a light beam of a 
particular wavelength which the resin material read- 

25 ily absorbs. 

The above-described conventional illuminating 
methods have several drawbacks. Whenever a res- 
in color is changed, it is necessary to select either 
a complementary color filter suitable for the new 

30 resin color, or a light beam having a wavelength 
suitable for the new resin color. That is, different 
complementary color filters or different light beams 
must be used for different resin colors thereby 
increasing the cost and required maintenance. In 

35 addition, it is impossible for either of the illuminat- 
ing methods to accurately obtain the necessary 
contrast between a resin portion and metal portion. 
Thus, the conventional methods cannot accurately 
determine if a solderless terminal has been sat- 

40 isfactorily crimped against the electric conductor. 

OBJECTS AND SUMMARY OF THE INVENTION 

An object of the present invention is to elimi- 
45 nate the above-described difficulties associated 
with the conventional illuminating methods for in- 
specting a crimped solderless terminal. 

Another object of the present invention is to 
provide a more accurate method and apparatus for 
so determining whether a solderless terminal has been 
satisfactorily crimped against 

an electric conductor. Another object of the 
present invention is to improve the accuracy of a 
processed image of a solderless terminal by pro- 
55 ducing and accurately detecting a greater contrast 
between a resin portion and a metal portion of a 
solderless terminal. 
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According to one aspect of the invention, there 
is provided an illuminating apparatus for inspecting 
a soldertess terminal by image processing. As dis- 
cussed in the description of the related art, the 
solderless terminal comprises a resin barrel adapt- 
ed to hold an end portion of an electric conductor 
which has its resin cover removed therefrom to 
expose core wires at the end. The solderless termi- 
nal further comprises a core barrel adapted to hold 
the exposed core wires of the electric conductor so 
that the electric conductor is electrically connected 
to the solderless terminal. 

The illuminating method and apparatus of the 
present invention includes main illuminating means 
having at least one illuminating element extending 
substantially in the same direction as the length of 
the solderless terminal. In another embodiment, the 
main illuminating means comprises a plurality of 
illuminating elements arranged substantially in the 
same direction as the length of the solderless ter- 
minal. The main illuminating means illuminates the 
solderless terminal in substantially the same direc- 
tion as an image pick-up direction of the image 
pick-up means. 

The illuminating apparatus also includes auxil- 
iary illuminating means for illuminating the solder- 
less terminal in a direction which is opposite to the 
direction in which the main illuminating means illu- 
minates the solderless terminal. 

After the soldertess terminal is illuminated by 
the illuminating apparatus and an image of the 
soldertess terminal is picked up by image pick-up 
means in a direction substantially perpendicular to 
the cylindrical surfaces of the barrels, the image 
picked up by image pick-up means is processed 
by image processing means to inspect how the 
solderless terminal has been crimped against the 
electric conductor. 

According to another aspect of the invention, 
there is provided an image processing method and 
apparatus for inspecting a solderless terminal by 
image processing as described above wherein an 
area histogram of optical intensity of the image of 
the solderless terminal is obtained in advance by 
means of the image processing means. In the area 
histogram, binary levels are provided for a region 
between a specular reflection region of each of the 
barrels and a background region, and a region 
between the background region and non-specular 
reflection thereof. The image of the solderless ter- 
minal picked up by the image pick-up means is 
binary-coded by using the binary levels. 

In the illuminating method of the present inven- 
tion, the main illuminating means having an illu- 
minating element extending substantially in the 
same direction as a length of the solderless termi- 
nal illuminates the solderless terminal in substan- 
tially the same direction as the image pick-up di- 
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rection of the image pick-up means. The auxiliary 
illuminating means illuminates the solderless termi- 
nal in a direction opposite to the illumination direc- 
tion of the main illuminating means. Hence, the 

5 resin barrel and the core wire barrel of the solder- 
less terminal, which are made of metal, provide 
specular reflection regions along the length of the 
solderless terminal and the border between the 
core wire barrel. The core wires at each end of the 

10 core wire barrel can be detected easily as the 
contrast between the resin portion and the metal 
part is great. Thus, the image of the solderless 
terminal obtained is considerably accurate. In addi- 
tion, any core wire extending outside of the solder- 

76 less terminal increases the contrast and thus, the 
accuracy of the image. 

In the image processing method of the present 
invention, the main illuminating means and the aux- 
iliary illuminating means illuminate the solderless 

20 terminal, and, in the area histogram obtained, the 
image of the solderless terminal is binary-coded by 
using one binary level set for the region between 
the specular reflection region and the background 
region, and another binary level set for the region 

25 between the background region and the non-specu- 
lar reflection region. Therefore, in the case where 
any one of the core wires of the conductor extends 
outside of the solderless terminal, these wires can 
be accurately detected irrespective of the direction 

ao of extension of the core wires and thereby detect 
that the solderless terminal has been unsatisfac- 
torily crimped against the electric conductor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

Figure 1 is a side elevation view of a first 
embodiment of the solderless terminal inspecting 
apparatus of the present invention. 

Figure 2 is a front elevation view of the first 
40 embodiment shown in Bgure 1 . 

Figure 3 is a schematic view of an image 
picked up by the image pick-up means of the first 
embodiment including specular reflection portions. 

Figure 4 is a schematic view of only the specu- 
45 lar reflection portions of Figure 3. 

Figure 5 is a schematic view of intersections of 
windows W1 , W2 used to detect reference point A. 

Figure 6 is a schematic view of the detected 
reference point A. 
so Figure 7 is a schematic view of the detected 

reference point A having an inclination error angle 
of e. 

Figure 8 is a schematic view of a shifted posi- 
tion of windows W1, W2 to compensate for the 
55 inclination error angle of e. 

Figure 9A is a graph of an area histogram of 
optical intensity corresponding to barrels 2a and 
2b. 

3 
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Figure 9B is a graph of an area histogram of 
only the background without the solderless termi- 
nal. 

Figure 9C is a graph of an area histogram 
resulting from combination of graphs of Figures 9A 
and 9B. 

Figure 10A is a graph of an area histogram 
when a white electric conductor is used. 

Figure 10B is a graph of an area histogram 
when a black electric conductor is used. 

Figure 11A is a front view elevation depicting 
the state where a core wire is pushed out of the 
core wire barrel 2b. 

Figure 11B is a side elevation view of Figure 
11 A. 

Figure 12 is an elevation view along line X-X* 
of Figure 1 1A. 

Figure 13 is a side elevation view showing a 
core wire pushed out of a resin barrel. 

Figure 14 is a schematic view of windows Wa, 
Wb, Wc and Wd. 

Figure 15 is a graph of an area histogram of 
optical intensity of windows Wa, Wb, Wc and Wd. 

Figure 16A is a top perspective view of a 
satisfactorily crimped solderless terminal. 

Figure 1 6B is a side perspective view of Figure 
16 A. 

Figure 17A is a top perspective view of an 
unsatisfactorily crimped solderless terminal. 

Figure 17B is a side perspective view of Figure 
17A. 

Figure 18A is a top perspective view of an 
unsatisfactorily crimped solderless terminal. 

Figure 1 8B is a side perspective view of Figure 
18A. 

Figure 19 is a side elevation view of a second 
embodiment of the solderless terminal inspecting 
apparatus of the present invention. 

Figure 20A is a side elevation view of a third 
embodiment of the solderless terminal inspecting 
apparatus of the present invention. 

Figure 20B is front elevation view of a third 
embodiment of the solderless terminal inspecting 
apparatus of the present invention. 

FIG. 21 is a side elevation view of a solderless 
terminal. 

FIG. 22 is schematic view of an image pro- 
cessing means relating to the present invention 
used for inspecting solderless terminals. 

DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS ~ 

Any solderless terminal to be inspected by the 
method and apparatus of the present invention is 
assumed to have a fundamental structure substan- 
tially similar to the one shown in Figure 21. Also, 
the image processing means employed in the 



present invention is the similar to the one shown in 
FIG. 22. Therefore, in the following description of 
the invention, reference numerals used in Figures 
21 and 22 are used to refer to identical elements in 
5 Figures 1-20. 

The first embodiment of the invention, as 
shown in Figures 1 and 2, comprises a main illu- 
minating means 11 having a pair of illuminating 
elements 11a, 11b disposed parallel to each other. 
10 Illuminating elements 11a, 11b may comprise bar- 
shaped fluorescent lamps which extend longitudi- 
nally along the length of solderless terminal 2. 
Illuminating elements 11a, 11b are driven by a high 
frequency power source 12 of the order of about 
75 20 kHz to illuminate solderless terminal 2. An auxil- 
iary illuminating means 13 is provided on the other 
side of solderless terminal 2 to illuminate solder- 
less terminal 2 in a direction opposite to the illu- 
mination of main illumination means 11. In Figure 
20 1 , the arrows indicate that some of the light beams 
are scattered, for instance, by the paint layer on 
the surface of main illuminating means 11 and 
applied to solderless terminal 2. 

As shown in Figure 2, illuminating elements 
25 11a. 11b are so arranged that they illuminate sol- 
derless terminal 2 in a direction which is substan- 
tially the same as the image pick-up direction of 
image pick-up means 3. That is, illuminating ele- 
ments 11a, 11b illuminate solderless terminal 2 in a 
30 direction which is substantially perpendicular to the 
cylindrically shaped surfaces of barrels 2a and 2b. 
A light shielding board 14 is provided over main 
illuminating means 1 1 so that light from illuminating 
elements 11a, 11b is not applied directly to image 
35 pick-up means 3. Light beams emitted from illu- 
minating elements 11a, 11b are specularly reflect- 
ed by the cylindrically shaped surfaces of resin 
barrel 2a and core wire barrel 2b of solderless 
terminal 2. The light beams reflected off of resin 
40 barrel 2a and core wire barrel 2b then travel to 
image pick-up means 3. The illuminating light 
beams from illuminating elements 11a, 11b which 
are not reflected by solderless terminal 2 are re- 
flected by auxiliary illuminating means 13, thus 
45 illuminating solderless terminal 2 in a direction op- 
posite to the illumination direction of illuminating 
elements 11a, 11b. That is, illuminating elements 
11a, 11b illuminate from a top side of solderless 
terminal 2 and auxiliary illuminating means 13 illu- 
50 mi nates from a bottom side of solderless terminal 
2. 

The image of solderless terminal 2 thus illumi- 
nated is shown in Figure 3. The cross-hatched 
portions in Figure 3 illustrate a distribution of 
55 specular reflections comprised of specular reflec- 
tion portions. As is seen from Figure 3, specular 
reflection takes place between the resin barrel 2a 
and the core wire barrel 2b. That is, the light 
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beams are specularly reflected by core wires 1b 
exposed between barrels 2a and 2b. Figure 4 
shows those specular reflection portions only. 

As was described before, bell mouths 10 are 
provided at both ends of core wire barrel 2b. Bell 
mouths 10 distinguish the borders between the 
specular reflection portions of core wire barrel 2b 
and exposed core wires 1b. 

Now, the provision of image processing refer- 
ence points by the image processing means 5 will 
be described. The image processing reference 
points are determined according to a run length 
coding method, disclosed in detail in Japanese 
Patent Application No. 268771 filed by the present 
Applicant, the disclosure of which is hereby incor- 
porated by reference. That is, the configuration of a 
solderless terminal being inspected is detected 
from variations in white and black data along scan- 
ning lines. 

In order to determine reference points neces- 
sary for image processing, windows Wi and W 2 in 
the form of straight lines as shown in Figure 5, are 
provided in such a manner that they are laid across 
the central portion of the image of one of the 
specular reflection portions of core wire barrel 2b. 
That is, intersections a, b, c and d of the windows 
Wi and W 2 and the border lines of the specular 
reflection portions are obtained. The gradient of the 
specular reflection portion can be obtained from 
the gradient of the segment a-b. Thereafter, a 
window W3 is drawn in such a manner that the 
window W 3 extends from the midpoint of the seg- 
ment a-b, or from any point on the segment a-b, 
and has the same gradient as the segment a-b. 
Under this condition, the point A on the window W 
where luminance is changed is detected. This point 
A is one of the reference points necessary for 
image processing. Similarly, other reference points 
B, C, D, E, F, G and H are determined as shown in 
Figure 4. 

In practice, barrels 2a and 2b are not com- 
pletely cylindrical, and thus, less than completely 
specular reflections result. Therefore, the specular 
reflection portions are geometrically inaccurate and 
unstable. Hence, it is difficult to determine the 
reference points by performing the above-de- 
scribed processing operation only once as shown 
in Figures 5 and 6. That is, in order to obtain 
accurate reference points, the processing operation 
must be performed two or three times. 

The location of the terminal 2 in Figure 7 
includes an error shown by the inclination angle 8 
of the segment a-b. Therefore, if the window W 3 is 
set as shown in Figure 7, the reference point A* is 
not located at the end of the specular reflection 
portion. Accordingly, as shown in Figure 8, the 
windows Wi and W 2 are set in a position which is 
shifted as much as several picture elements from 
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the reference point A'. Then, the same processing 
operation is carried out again to determine the 
point on the window W 3 where luminance is 
changed, referred to as a luminance change point. 
5 Setting of the window W3 and determination of 

the luminance change point are carried out two or 
three times in the above-described manner, to ac- 
curately determine the position of reference point A 
(Figure 6). 

10 When the reference points A through H neces- 

sary for image processing have been determined in 
the above-described manner, the configuration, di- 
mension and inclination of the solderless terminal 
can be obtained with reference to those reference 

75 points A through H. And whether or not the state of 
solderless terminal 2 is acceptable is determined 
from the position of the end of resin cover 1a 
between resin barrel 1a and core wire barrel 2b. 
Also determined is the amount of protrusion of the 

20 core wires 1 b between core wire barrel 2b and end 
portion 2c. 

Since the reference points A through H are 
determined with high accuracy, it is unnecessary to 
hold solderless terminal 2 in one particular position 

25 with mechanical means such as a chuck. That is, it 
is not always necessary to accurately position the 
solderless terminal 1 being inspected. It is as- 
sumed that for inspection of a solderless terminal 
2, solderless terminal 2 is set parallel to the X-Y 

30 plane with the width of solderless terminal per- 
pendicular to the longitudinal direction of solderless 
terminal 2 set parallel to the Y-axis. It is also 
assumed that main illuminating means 1 1 and light 
elements 11a, 11b are arranged in the same ori- 

35 entation, and the image of the solderless terminal 
is picked up in the direction of Z-axis. In this case, 
solderless terminal 2 may be shifted either towards 
the X-axis or the Y-axis as long as it is in the visual 
field of image pick-up means 3. When solderless 

40 terminal 2 is shifted towards the Z-axis, the-focus 
of image pick-up means 3 should be adjusted. It 
has been confirmed through experiment that, in the 
case of a so-called "yawing" where solderless ter- 
minal 2 turns about the Z-axis, the image can be 

45 accurately obtained even if solderless terminal 2 is 
displaced about ±45* from its fundamental posi- 
tion. In addition, it has been confirmed through 
experiment that, in the case of a so-called "rolling" 
where solderless terminal 2 turns about the Y-axis, 

50 the image can be accurately obtained even if sol- 
derless terminal 2 is displaced about ±45* from 
the fundamental position. Furthermore, it has been 
confirmed through experiment that, in the case of a 
so-called "pitching" where solderless terminal 2 

55 turns about the X-axis, the image can be accurately 
obtained even if solderless terminal 2 is displaced 
±10 to 20" from the fundamental position. 
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An area histogram of optical intensity of the 
image of solderless terminal 2 crimped against a 
blue electric conductor 1 is shown in Figure 9A. In 
Figure 9A, the horizonal axis represents luminance 
levels indicated in 256 gradations, while the vertical 
axis represents areas (the numbers of picture ele- 
ments). The region P which displays a high lu- 
minance level corresponds to the specular reflec- 
tion portions of barrels 2a and 2b. The region Q 
displaying a middle luminance level corresponds to 
the resin portion of the electric conductor 1 . The 
region R displays a low luminance level which 
corresponds to a non-specular reflection portion of 
solderless terminal 2. Thus, in the area histogram, 
there is a valley between the specular reflection 
region P and the resin region Q, and another valley 
between the resin region Q and the non-specular 
reflection region R. 

An area histogram of optical intensity -of the 
image of only the background without the solder- 
less terminal is shown in Figure 9B. That is, a 
background region Q' corresponding to the above- 
described resin region Q displays a peak. In this 
case, an irregular reflection board is selected as 
the auxiliary illuminating means 13 so that the 
background region Q' is between the specular re- 
flection region P and the non-specular reflection 
region R. 

The area histograms shown in Figures 9 A and 
9B may be combined into the histogram shown in 
Figure 9C. Similarly to Figure 9A, the specular 
reflection region P, the background region Q", and 
the non-specular reflection region R of Figure 9C 
have peaks and valleys between the regions P and 
Q", and between the regions Q" and R. 

Hence, in the case of a blue electric conductor 
1, an area histogram of a typicaJ solderless termi- 
nal 2 is obtained in advance, and binary levels are 
set for the valley between the specular reflection 
region P and the background region Q", and the 
valley between the background region Q" and the 
non-specular reflection region R, respectively. 

Area histograms when a white electric conduc- 
tor and a black electric conductor are used are 
shown in Figures 10A and 10B, respectively. In the 
case of the white electric conductor, the peak of 
the resin region Q is shifted towards the specular 
reflection region P as compared to the case of the 
blue electric conductor in Figure 9A. Also, there is 
a small valley between the regions P and Q. In the 
case of the black electric conductor, the peak of 
the resin region Q is shifted towards the non- 
specular reflection region R as compared to the 
case of the blue electric conductor. It is impossible 
to distinguish the resin region Q and the non- 
specular reflection region R from each other. 

In the case of the white electric conductor, a 
binary level can be set for the valley between the 



specular reflection region P and the resin region Q, 
and a binary level can be set for the valley be- 
tween the resin region Q and the non-specular 
reflection region R by controlling the intensity of 
5 illumination. The intensity of illumination can be 
controlled by adjusting the aperture of the lens of 
image pick-up means 3. Thus, two different binary 
levels can be set for those valleys, and stored in 
the image processing means 5 shown in Figure 22. 

io In the case of the black electric conductor, there is 
a wide valley between the specular reflection re- 
gion P and the region which results from the com- 
bination of the resin region Q and the non-specular 
reflection region R. One binary level can be set for 

75 this wide valley. 

Thus, in the case of the white electric conduc- 
tor 1, by obtaining an area histogram of a typical 
solderless terminal in advance, as in the case of 
the blue electric conductor, two binary levels can 

20 be set according to the area histogram obtained in 
advance. On the other hand, in the case of the 
black electric conductor, only one binary level can 
be set according to the area histogram. However, 
when necessary, another binary level can be read- 

25 ily set for a low luminance region according to 
other area histograms. 

With a solderless terminal 2 illuminated by the 
main illuminating means 11 and auxiliary illuminat- 
ing means 13 in opposite directions, two different 

30 binary levels are set according to the area histo- 
gram of optical intensity of the image of the illumi- 
nated solderless terminal. Then core wires located 
outside or on the side of the solderless terminal 
can be detected accurately. 

as In the case where the solderless terminal is 

crimped against the electrical conductor with one 
core wire L pushed over the top of core wire barrel 
2b as shown in Figures 11 A and 11B, rays of light 
from main illuminating means 11 are reflected by 

40 the core wire L as shown in Figure 12, which is an 
enlarged sectional view taken along line X-X* of 
Figure 11 A. This is a partial irregular reflection for 
the specular reflection portion of core wire barrel 
2b. Hence, even when solderless terminal 2 is 

45 illuminated by main illuminating means 1 1 only, the 
core wire L pushed over core wire barrel 2b can be 
accurately detected by binary-encoding with only 
one binary level. That is, a core wire pushed over 
core wire barrel 1b can be detected from the fact 

so that a partial irregular reflection takes place in the 
specular reflection portion of core wire barrel 2b. 

On the other hand, in the case where a core 
wire L is pushed to the side of the solderless 
terminal 2 as shown in Figure 13 and illuminated 

55 by main illuminating means only, the core wire L 
may or may not give rise to specular reflection. 
This depends on whether the core wire L is ex- 
tended in the direction of the X-axis, or extended in 
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the direction of the Y-axis, or extended in the 
direction of the Z-axis. Sometimes good contrast 
cannot be obtained because of the location of the 
core wire L. Thus, detection of the core wire lo- 
cated outside of solderless terminal 2 cannot be 
accomplished by processing the image with only 
one binary level. Therefore, the image of solderless 
terminal 2 is obtained by illuminating solderless 
terminal 2 from both sides with main illuminating 
means 1 1 and auxiliary illuminating means 1 3. 
First, as shown in Figure 14, in the image of 
solderless terminal 2, rectangular windows Wa and 
Wb are set on both sides of core wire barrel 2b, 
respectively, and rectangular widows Wc and Wd 
are set on both sides of resin barrel 2a, respec- 
tively. If no core wire L is pushed out, then the area 
histogram of optical intensity of each of the win- 
dows Wa through Wd is as shown in Figure 15. 
That is, only the background region Q' has a peak, 
and the remaining regions P and R have nothing. 

On the other hand, if a core wire L is pushed to 
the side of solderless terminal 2, then in the area 
histogram of one of the windows Wa through Wd, 
the background region Q' and the region P or R 
have peaks. The core wire L can be detected by 
assigning a binary code according to the binary 
levels which have been set for the valley between 
the regions P and Q' and the valley between the 
regions Q' and R, to the luminance of the picture 
elements of the windows Wa through Wd. There- 
after, it is determined whether or not there is a 
picture element having a luminance value higher 
than the higher binary level set for the valley be- 
tween the regions P and Q\ and whether or not 
there is a picture element having a luminance value 
lower than the lower binary level set for the valley 
between the regions Q' and R. As a result of this 
determination, the core wire L extending outside of 
solderless terminal 2 can be detected irrespective 
of the direction in which the core wire extends. 

When it is determined as a result of the above- 
described image processing operation that, as 
shown in Figures 16A and 16B, resin barrel 2a 
holds resin cover 1a at a predetermined position 
between resin barrel 2a and core wire barrel 2b of 
solderless terminal 2, and core wire barrel 2b holds 
core wires 1b so that core wires 1b are slightly 
exposed between core wire barrel 2b and end 
portion 2c, it is decided that solderless terminal 2 
has been satisfactorily crimped against electric 
conductor 1 . 

In the case where it is determined as a result 
of the image processing operation that, as shown in 
Figures 17A and 17B, resin cover 1a of electric 
conductor 1 is not located in the predetermined 
position between resin barrel 2a and core wire 
barrel 2b, and the outer end portion of resin cover 
1a is held by the resin barrel 2a, then it is decided 



that crimping of solderless terminal 2 is unsatisfac- 
tory because resin cover 1a is not positioned and 
crimped satisfactorily. 

In the case where it is determined as a result 
5 of the image processing operation that, as shown in 
Figures 18A and 18B, the outer end portion of resin 
cover 1a is held by core wire barrel 2b of solder- 
less terminal 2, and core wires 1 b are not exposed 
between resin barrel 2a and core wire barrel 2b, 

10 then it is determined that crimping of solderless 
terminal 2 is unsatisfactory because resin cover 1a 
is caught by core wire barrel 2b. 

In addition, as a result of the image processing 
operation, a variety of unsatisfactory states of the 

15 solderless terminals crimped against the electric 
conductors may be detected. An example of such 
an unsatisfactory state occurs when a core wire 
has been pushed out as described above and the 
solderless terminal has been crimped against the 

20 electric conductor from the end portion of which 
the resin cover has not been removed. Thus, resin 
barrel 2a has not been sufficiently crimped against 
electric conductor 1, and the core wires do not 
extend from the core wire barrel 2b. That is, the 

25 core wires have been cut off. Such unsatisfactory 
states of the solderless terminals are easily de- 
tected and can be dealt with accordingly. 

When elongated main illuminating means 11 
positioned in parallel alignment with solderless ter- 

30 minaJ 2 illuminates solderless terminal 2 in a direc- 
tion which is substantially the same as the image 
pick-up direction of image pick-up means 3 while 
auxiliary illuminating means 13 illuminates solder- 
less terminal 1 in the opposite direction, several 

35 benefits are obtained. First, since resin barrel 2a 
and core wire barrel 2b of solderless terminal 2, 
which are made of metal, have specular reflection 
portions extending longitudinally along the length of 
solderless terminal 2, the borders between core 

40 wire barrel 2b and core wires 1b are easily de- 
tected with the aid of the bell mouths 10 (Figure 
21). Also, the resulting contrast between resin cov- 
er 1a and the metal parts is high. Thus, the image 
of solderless terminal 1 obtained is considerably 

45 stable and accurate. Accordingly, the reference 
points necessary for the image processing opera- 
tion can be detected with high accuracy. In addi- 
tion, by binary-coding the image of solderless ter- 
minal 1 with two different binary levels, the core 

so wire extended to the side of solderless terminal 1 
can be detected accurately. That is, it can be 
determined with high reliability whether or not the 
solderless terminal has been satisfactorily crimped 
against the electric conductor. 

55 A second embodiment of the invention is 

shown in Figure 19. In the second embodiment, 
instead of main illuminating means 11 being com- 
prised of bar-shaped fluorescent lamps as shown in 
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Figure 1, main illuminating means 15 is made up of 
arcuate fluorescent lamps or the like. The second 
embodiment produces the same resulting effects 
as the first embodiment. Also, since the curved 
front end portion of main illuminating means 15 of 5 
the second embodiment is closer to solderless 
terminal 2 than the base end portion thereof, the 
bundle of rays from the main illuminating means is 
increased in width thereby contributing to improve- 
ment of the image processing accuracy. jo 

A third embodiment of the invention is shown 
in Figure 20. In the third embodiment, main illu- 
minating means 17 are made up of a plurality of 
illuminating elements 16 such as light emitting di- 
odes arranged in a direction which is substantially is 
the same as the direction in which the length of 
solderless terminal 2 is positioned. The third em- 
bodiment produces the same effects as the first 
embodiment, as well as resulting in miniaturization 
of main illuminating means 17 and reduction of the 20 
manufacturing cost of main illuminating means 17. 

It goes without saying that, in the third embodi- 
ment shown in Figure 20, the plurality of illuminat- 
ing elements 16 may be arranged arcuately as in 
the case of the second embodiment shown in Fig- 25 
ure 19. 

In the above-described embodiments, the auxil- 
iary illuminating means comprises a white irregular 
reflection board. However, it goes without saying 
that irregular reflection boards of other colors may 30 
be employed, or a light source may be provided in 
addition to main illuminating means 11, 15 and 17. 
That is, all that is required for the auxiliary illu- 
minating means is that, in the area histogram, the 
background region Q' (FIG. 9B) is between the 35 
specular reflection region P and the non-specular 
refection region R (Figures 9A and 9C). 

The technical concept of the invention is ap- 
plicable to inspection of all types of solderless 
terminals which comprise a resin barrel and a core 40 
wire barrel, and can be applied to motor vehicle 
harnesses or other harnesses. 

Claims 

45 

1. An apparatus for inspecting a solderless termi- 
nal by image processing, wherein the solder- 
less terminal comprises a resin barrel adapted 
to hold an end portion of an electric conductor 
comprised of core wires enclosed in a resin so 
cover, the end portion of the electric conductor 
having the resin cover partially removed there- 
from to expose core wires at the end portion, a 
core barrel and a resin barrel adapted to hold 
the exposed core wires of the electric conduc- 55 
tor to electrically connect the conductor to the 
solderless terminal, wherein said apparatus for 
inspecting a solderless terminal comprises: 



main illuminating means for illuminating 
the solderless terminal in a first direction hav- 
ing at least one illuminating element extending 
substantially in the same direction as a length 
of the solderless terminal; 

auxiliary illuminating means for illuminating 
the solderless terminal in a second direction 
opposite to said first direction; 

image receiving means for receiving an 
image of the solderless terminal produced by 
said main illuminating means and said auxiliary 
illuminating means illuminating the solderless 
terminal, wherein said image receiving means 
receives the solderless terminal image in an 
image receiving direction; 

image processing means for processing 
the image received by said image receiving 
means and for determining whether the solder- 
less terminal is correctly crimped to the elec- 
tric conductor. 

2. The apparatus for inspecting a solderless ter- 
minal of claim 1. wherein said main illuminat- 
ing means illuminates the solderless terminal 
in substantially the same direction as the im- 
age receiving direction. 

3. The apparatus for inspecting a solderless ter- 
minal of claim 1, wherein said main illuminat- 
ing means comprises at least one fluorescent 
lamp. 

4. The apparatus for inspecting a solderless ter- 
minal of claim 1, wherein said main illuminat- 
ing means comprises a plurality of light emit- 
ting diodes. 

5. The apparatus for inspecting a solderless ter- 
minal of claim 1, wherein said auxiliary illu- 
minating means comprises a reflective board. 

6. The apparatus for inspecting a solderless ter- 
minal of claim 1 , wherein said image receiving 
means receives an image of the solderless 
terminal formed by light emitted from said 
main illumination means and said auxiliary illu- 
mination means reflected from the solderless 
terminal, the core wire barrel, the resin barrel 
and the core wires. 

7. The apparatus for inspecting a solderless ter- 
minal of claim 6, wherein said image process- 
ing means converts the image received up by 
said image receiving means to luminance data, 
and wherein said image processing means 
evaluates the luminance data in relation to 
predetermined luminance data stored in said 
image processing means to determine a con- 
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figuration of a solderless terminal and an elec- 
tric conductor to thereby determine if the sol- 
derless terminal is crimped correctly. 

8. The apparatus for inspecting a solderless ter- 
minal of claim 7, wherein said image process- 
ing means comprises storing means for storing 
said predetermined luminance data, wherein 
said predetermined luminance data comprises 
a plurality of area histograms of optical inten- 
sities corresponding to a plurality of different 
color resin covers, said area histograms each 
containing a specular reflection region, a back- 
ground region and a non-specular region, said 
area histograms also containing binary regions 
between the specular reflection regions and 
the background regions and between the back- 
ground regions and the non- specular regions. 

9. The apparatus for inspecting a solderless ter- 
minal of claim 8, wherein said image process- 
ing means assigns a binary code correspond- 
ing to at least one of the binary regions of at 
least one of the area histograms stored in said 
storing means to the image received by said 
image receiving means. 

10. The apparatus for inspecting a solderless ter- 
minal of claim 7, wherein said image process- 
ing means determines if a core wire extends to 
the side or on top of the core wire barrel. 

11. The apparatus for inspecting a solderless ter- 
minal of claim 10, wherein said image process- 
ing means determines if a resin cover is 
present at the crimped end of the electric 
conductor. 

12. The apparatus for inspecting a solderless ter- 
minal of claim 3, wherein said fluorescent lamp 
is bar-shaped. 

13. The apparatus for inspecting a solderless ter- 
minal of claim 3, wherein said fluorescent lamp 
is arcuate-shaped. 

14. The apparatus for inspecting a solderless ter- 
minal of claim 4, wherein said main illuminat- 
ing means is arcuate-shaped. 

15. A method for inspecting a solderless terminal 
by image processing, wherein the solderless 
terminal comprises a resin barrel adapted to 
hold an end portion of an electric conductor 
comprised of core wires enclosed in a resin 
cover, the end portion of the electric conductor 
having the resin cover partially removed there- 
from to expose core wires at the end, a core 
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barrel and a resin barrel adapted to hold the 
exposed core wires of the electric conductor to 
electrically connect the conductor to the sol- 
derless terminal, wherein said method for in- 
5 specting a solderless terminal comprises the 

steps of: 

illuminating the solderless terminal in a 
first direction and in a second direction op- 
posite to said first direction; 

70 receiving an image of the solderless termi- 

nal formed by light reflected from the illumi- 
nated solderless terminal; and 

processing the image received into lumi- 
nance data to determine whether the solder- 

15 less terminal is correctly crimped to the elec- 

tric conductor. 

16. The method for inspecting a solderless termi- 
nal of claim 15, wherein the step of illuminating 

20 in a first direction occurs in substantially the 

same direction that the image is received in 
the image receiving step. 

17. The method for inspecting a solderless termi- 
25 nal of claim 15, wherein a main illumination 

member and an auxiliary illumination member 
are used for illuminating the solderless mem- 
ber in said first and second directions, respec- 
tively, and wherein said image receiving step 

30 comprises the step of receiving an image of 

the solderless terminal formed by light emitted 
from the main illumination means and the aux- 
iliary illumination means reflected from the sol- 
derless terminal, the core wire barrel, the resin 

35 barrel and the core wires. 

18. The method for inspecting a solderless termi- 
nal of claim 15, wherein said image processing 
step includes storing a plurality of predeter- 

40 mined area histograms of optical intensities 

corresponding to luminance data of a plurality 
of different color resin covers, said area histo- 
grams each containing a specular reflection 
region, a background region and a non-specu- 

45 lar region, said area histograms also containing 

binary regions between the specular reflection 
regions and the background regions and be- 
tween the background regions and the non- 
specular regions. 

50 

19. The method for inspecting a solderless termi- 
nal of claim 18, wherein the image processing 
step further comprises selecting at least one of 
the plurality of predetermined area histograms 

55 and assigning a binary code corresponding to 

at least one of the binary regions of the se- 
lected at least one of the area histograms to 
the image received by said image receiving 

9 
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step. 

20. The method for inspecting a solderless termi- 
nal of claim 19, wherein said image processing 
step further comprises determining if a core s 
wire extends to the side or on top of the core 
wire barrel. 

21. The method for inspecting a solderless termi- 
nal of claim 19, wherein said image processing io 
step includes determining if a resin cover is 

not removed from the crimped end of the 
electric conductor. 
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© A solderless terminal inspecting method and ap- 
paratus for determining if a solderless terminal (2) 
has been satisfactorily crimped against an electric 
conductor (1) has a main illuminating device (11) for 
illuminating a solderless terminal having illuminating 
elements (a,b) extending in substantially the same 
direction as a length of a solderless terminal. The 
inspecting apparatus also includes an auxiliary illu- 
minating device (13) for illuminating a solderless 
terminal in a direction opposite to the illuminating 
direction of the main illumination. The apparatus also 
includes an illuminated image receiving device (3) 
for receiving the illuminated image of the solderless 
terminal. The image of the solderless terminal re- 
ceived by the image receiving device is binary- 
coded by using at least one binary level determined 
according to an area histogram which has been 
obtained in advance. 
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